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DRAG MEASUREMENTS OF A PROCRUDING 0.50-CATLIBER MACHINE GUN

By Arvo 4. Luoma
SUMMARY

Drag and cross-wind force measurements of a Browning
0.50-caliber M2 machine gun at air speeds from 90 to more
than 400 miles per hour were made in the NACA 8-foot high-
speed wiand tunnel, The machine gun protruded through the
top of the tunnel wall 2nio the air stream and tests at
several fore-and-aft angles were made by pivoting the gun
in a plane parallel to the air flow. Sufficlent data were
taken to permit the calculaticans of the power regquired to
turn the gun against the aerodynamic forces and to deter-
mine the horsepower absorbed in air drag by the protrudiang
gun for different speeds up to 400 miles per hour.

For the speed range covered in the tests, the drag
and the cross-wind force coefficients for the machine gun
-were only slightly affected by Recynolds avmber and Mach
number. The drag for equal fore-and-aft angles was nsarly
the same, the drag being slightly less whoen the gun pointed
downstream, As an indication of the mugnitude of the drag
forces to be expected at high speeds, calculations based
-on data obtained show that a protruding machire gun when
mounted vertical to the air flow on an airplane flying 350
miles per hour at sea-level conditions, for example, would
have a drag of 83 pounds and would absorb 78 horsepower,

Additional tests were made to study the effects of
the slots in the cooling jacket of the machine gun. The
data obtained indicate that in actual installations of
machine guns on airplanes some gain (that is, less drag)
due to closing the jacket slots is to be expected at low
altitudes and for speeds up to about 360 miles per hour,
but at high altitudes no gain can be expected.

INTRODUCTION

For accurate design the power reguired dPy the various
component parts of an airplane must be known; even the
parts that need not be considered at low speeds require
appreciable power to propel them at high speeds, particu-



larly when compressibility effocts are considered. Be-
causc of its poor aerodynamic shape, the drag of a machine
gun and the¢ power regquired to propel it through air will
be very high. The need for such weapons makes It neces~
sary %0 consider the aerodynamic effects in the design of
gun installations,

The purpose of the present investigation was (i) te
determine the drag of & protruding Browrlng 0.50~caliber
M2 machine gun and the power absorbed in air drag at dif-
ferent sveeds; and (2) to obtain the basic data necessary
to permit the caiculation of the power to drive such pro-
truding guns when used in power~operated turrets. These
basic data are, of course, the forces and the center-of=-
pressure location along tae gua bvarrcl., Additional tests
were also made to study ths effocis of the sLots in the
gun-barrel jackes. :

The tests were made in the NACA 8-foot hlgh-spead
wind tunnel following a regquest of the Matériel Division
Liaison Office.

APPARATUS ARD METEODS

The tests were made in the NACA 8- foot high-speed
wind 4unnel, which is a single—return,"circularasection,
closed-throat tuanel having an air speed continuously con-
trollabie from approxinately 75 to more than 500 miles per
honur, .

. A Browning 0,50-caliber M2 machine gun, wvhich had a
gslotted jacket of 1,875 inches outside diamester, was used
in the tests. As shown in figure 1, the gua protruded
through the top of the wind tunnel into the air stream
so that actual conditions, as regards boundary layer on
the btody from which the actual gun might protrude, were
sinulated by the boundary layer along the tunnel wall,
Drag, cross-wind, and pitching forcec measurements wers
made at several velocities frem 90 to mnore than 400 miles
per hour. Angle changes werc made by pivoting the gun in
a planc parallel to the air flow. Data were obtained at
angles of 00 (perpendicular tuv the air flow), 15°, 300,
459, and 609 fore and 159 and 45° aft. Ilateral angles
were not included because the same lengths of protruding
gun and attitudes are representcd by the forc and the aft
movenent, :

The effects of the slots in the barrel Jacket were de-
termined by tests of a so0lid replica of the jacket {(fig. 2),
this being mounted and tested in the sam way as the acitual
gun.
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PRECISICN

The vossible error in the drag and the cross-wingd

" force coefficients is indicated by the scatter of the test

points. The accuracy of the center-of-pressure coc¥fi-
cisnt was rciatively pooer at low speeds, because of the
small forces, but it izproved with speed. At & Mach num-
ber of 0.390 the possible error in C was determined to
be 40.01 for the machine gun when perpendicular to the air
streem and +£0,02 for the smooth-jacketed replica of the
machine gun, '

RESULTS AWD DISCUSSION

Th§ following symbols arc used inr this paper. (See
fig. 2. T '

o angle made by the Barrel of the machine gun with
the perpendicular to the air flow. The angle
of the gun is positive when the gun muzzle
points into the air stream.

L leagth of gun protruding into air stream, measurcd
along gun axis '

D outside diameter (1,875 in.) of barrel Jjacket

A axial cross—-section area of gun in air strcam.
This arca is equal t0 L X D plus area of
small protiruding part of gun barrel outside
the outer end of the jacket (this e&mall area
amounted to Ll percent of total area for
case when a = 0°),

Cp drag cocfficient based on arca A

CG cross~-wind forcoe coocfficient bascd on area A,
{(Sce fig. 2 for definition of positive dirde-
tion.)

1 projection of length I on plane paerpendicular
to air flow (1 = L cos «)

a distance from top of tunncl wall to center of
" precssure of resultant air force on gun axis,
measured parallel to 1



C_ contar of pressure cocfficient (3/1) «

-

v vélocity
P .'aif dehs;ty
8 ‘spécﬁuof_SOund
M Mach numder (V,/a)
B coetficient cf viscosity

P Reyrolds number (V D/Ho)

oPo
The subseript zero indicates values ip the undis-
turbed strecam,

As figure 3 indicates, the drag and tho cross~wingd
force coafficlients for the 0,50-caliber machine gun were
only slightly affected ty Reynolds number and Hach anumber,
Evidently, the flow of air throvgh the Jacket siots pro-
dused & rclieving effcct that doleyed the formaticn of
the compressibility burdle., The drag for ecual positive
and negaltive values of angle was nearly the same, the drag
being slightly less when the gun pointed downstream, W#hen
the gun was vertical to the eir flow, the cross~wird force
coefficient was rot zero,as might be expeecied. This re-
sult wes probadbly due to the existence of a diffcronce in
static pressure Letween the muzzle end of the gun in the
alr stream and the breech end that remained outside the
air sircam; hence, the resulting axial force. '

The values of center-of-pressure coefficicnt, ©C,,
for the machinc gun wevre but sligatly affested by MacE

number changes. (Sce fig. 3.)  The test points for angles

of 45° and 60V at Mach numbers below 0.3 arc not shown de-
cause small changes oequal to the posgidble variation in the
cross~wiad force and drag valucs, waich wore in the order

of 1.5 pounds for the lowest Mach number, causcd large
variagtious in C_ determination, The forces at the higher
Mach numbecvs, however, were sufficiontly large to give

good -Cp values. For positive angles the center-of-prossure
location wae practically independent of angle. As the

anglc was made negative, hovevaer, the Cp value decreased
and became a minimum when o was approximately -15°%; for
negative angies greater tham ~15° the cecatcr-of-pressure
coefficient incrcased.
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The drag-coefficient curves for the Q.50~caliber
machive~gun replica, which had an uanslottcd basrrel Jacket,
arc shown in figuve 4. It is apparent that criticeal
Reynolds number and compressibility phenomena strikingly
materialize when a barrel jockst with no slots is wused.
From the drag curves it is seen that when the uvrslotted
gun replica is perpendicular t¢ the air fiow, the critical
regicn in which the drag cocfficlent decresses tegins ati
a Reynolds number of about 100,000, The minimum drag co-
efficient occurs when 2B 1is 340,000, and compressibdility
effects become promouvnced at a Mach numter of 0.45, For
comparison purposcs the two-~dimensional-~diag curve for a
smooth Z2-~inch-diametcr circular cylinder perpondicuiar to
the air flow (test peints from unpublished S=foot high~
speed tunrcl data) is inciudsd in figure 4. The two main
points of diffcrence in the drag-coefficient enrves of theo
2-inch cylinder and the 17/z - inch jacket cylinder of tho
gun replica consist in the groater drag coefficient and
the absence of marked drag-coefficlieat docereasc ia the
critical Reynolds number regioa for the 2-inch cylinder,
Ths higher drag coefficient for the 2-inch cylinder is
probeblydue to the fact that tho Z-inch cylindor data are
two~dimonsional, whereas the gun replica data are thrce~
dimengional. In the case of the gun replica the lealkage
of air around the gun muzzle into the negative-pressure
dead~water region vack of ths gun favorabdly alters the
pressura distribution in this region so that a deccroase
in pressure drag results.

Ag the angle of the gun increases, the drag cocffi-
cicnt decrcases and Reynolds number and Mach unumber ef-
fects diminish, so that at 60C inclination the drag coef-
ficicnt is essentially independent of B end M for the
spceds tested. This behavicr is to be expectecd because
elliptical cross sections are exposed to the air flow
when the axis of the gun makes an anglc with the plane
perpendicular to the flow,

The comments that applied %o the cross-wind force
coefficient behavior of the maghine gun at o = 0° also
apply to the unslotted replica of the machine gun at 0°.
Figurec 4 illustrates the fact that the cross-wind force
coefficient of the gun replica was strongly influenced by
eritical Reynolds number and compressibility effects. The
curves of cross-~wind force coefficient ternded to follow
the drag-coefficient curves in that the magnitude of the
cross-wind force coefficicnt decreased in the critical
Reynolds number region and increascd at higher spceccds ow-
ing to compressibility effects.
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In figuro 4 1% 1Is to be noted that the values of
centar-of-pressure coefficient for the machine gun with
unslotted Jacket sanow morce scatter and irregularity than
the velues for the actual machine gan, This result, no
dcubt, was largely due to the fact that the flow abtour
the roplica gun was more Gisturbtod by Feynolds unumber and
comprcssibility effects than was the flow about the ma~
chine gun, sand %o thu fact that the forces om the smooth-
jacketed gun roeplica werc less than on the actual gun.

As was thoe casc with the aztual machine gun, the minimunm
vaiue ¢f C., occurs whea « 1s about -15¢. Some of
the tost poinis at the lowest Mach numbers for -15¢ and
«45% sre not shown Pocausc the low values of tke forcces
resulted in pcor accuracy in Gp dotermination,

igure 5 gives & comparison cf the drag of the ma-
chiinc~gun and the smocthejackotsd replica at soveral al-
titudcs from sea level te 20,000 feot, the zngle a beiang
09 in all cases. The altitvdo cvrvos were obtainmed by
use of the drag data given in figures 3 and 4., Owing to
the inecreasec in kinemetlc viscosity with altitade the
Reynolds number at & given epeed tonly t¢ deercare with

altitude or, conversciy, the speed carresponding to a given

Reynolds number will increase with sl*wtuua Thaus, ehanges
in thc forces %thazt are related to Roynolds numeer effeets
will occur at velocitice that increasc with slititvéde,
Likecwise, sirpce *“he velocity of ssuanl decraases with alti-~
tude, the velocity at which some particulsr compressibility
phenomeron takes place is less at altitule than at sca
lovel. GCylinde» tests in the &~foot high-speecd wind tunnel
indicate that thie drag cecfficicat of tlo smooth~jackotod
machine gun replics would probably htehave as shewn in fig-
ure 5 by the full=line curves at 15,000 =nda 20,000 feals
compreseibility cffeets wuld apparently p-oevont the fall
development of the marked drag denrcase iu *he critical
Reynolds nuuler region. In actual ianstallations c¢f machine
guns on ai*plancs, some galn due to zloaizng the Jjoacket
slots s t0 be expocted at low nititudes for oy
about %60 miles per hour, dut, at high altisudie
can be expectcd. Fox nver-all oporatlion it appes
excluding thoe possiblliity of encicsed guns, the mo
fecetive means of lowering the forcecs would ve to €
the jacket.

lu

(]
o

The horsepower reguired to propel the actual machine
gun and the smocth=~jacketed roeplica at a = 09 for scv~
eral speeds and at altitvdes vaerying from sea level to
20,000 fecet is iilustratcd in figure 6. It is seon that
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78 horscpower would be gbsorbed in air drag by an actual
rachine gun wiaern mounted vertical to the air flow on an
airplane flying 350 milies per hour under sea-lcvel condi~
tions.

COJCLUSIONS

For the spceds tested, the drag and the cross-wind
forco coefficicnts for the 0.50-caliber machine guan werc
only slightly affected by Reynolds numbor and »ach numbder,

The drag for egual fore-and-aft angles was nearly
the same, the drag bdoing slightly lioss when the gun point~
ed dowastrcan,

A single protruding 0.50~czliber machine gun when
mounted vertical to the air flow on an airplano flying 350
miles per hour at sea-level conditions, for cxample, could
be expeeted to have a drag of S3 pounds and to absord 78
horscepower, This high drag indicatces that serious copsxd-
eration should be given to anﬂlosing guns.,

In actual installations of machine guns on airplanes,
somo ga*n due to closing the jacket slots is %o Te expect-
ed at low altitudes and for spocds up to about 360 miles
per hour, but at high altitudes no gair can be expscted.

With a prctruding gun it appears that a considerabla
drag reduction for over~all operation could be effected
if the jacket can bLe eliminated.

Langlcy Memorial Asronauticel Laboratory,
Fational Advisory Committee for Acronautics,
Langley Field, Va.
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Figure 1. Sketch showing mounting of 0,50-caliber machine gun.
' “in 8-foot high speed wind tunnel.
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i flow
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“Positive and negative Cross-wind force

i direction of « 1 direction as shown
I considered positive
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50-caliber machine gun 50—ca//'ber-‘m<_7chine _gun.f‘ep/ica ‘
Positive angles for machine gun - . [rno slots in cooling jacket)
- and replica obtained with mode/ Negative angles for machine gur

~ pivoted as shown . and replica obtained with mode/
pivoted os shown

Figure 2.- Dimensions of 0.50-caliber machiane gun.
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